Mass distribution in the 50
Bremsstrahlung production and Sample Irradiation
Low-background gamma-ray spectrometry
• Coaxial CANBERRA highpurity germanium (HPGe) of diameter 60.5 mm and length of 31 mm.
• The detection efficiency was 20% at 1332.5 keV relative to a 3˝diameter × 3˝length NaI(Tl) Typical γ-ray spectrum of fission products in the 70-MeV bremsstrahlung induced reaction from 232 Th
From the observed number of γ-rays (N obs ) under the photo-peak of each individual fission product, their cumulative yields (Y R ) relative to 135 I were determined by :
Determination of Yields for Fission Products
From the relative cumulative yields (Y R ) of the fission products, their relative masschain yields (Y A ) were determined by :
where n is the number of target atoms σ F (E) is the photo-fission cross-section of the target nuclei and is the integrated photon flux from the reaction threshold (E b ) to the end-point energy (E e ) for the photon flux (φ) at the photon energy E. The t irr and t cool are the irradiation and the cooling time, and CL and LT are the real and the live times of counting, respectively. λ is the decay constant of the isotope of interest and ε is the detection efficiency of the γ-rays in the detector system. I γ is the abundance or the branching intensity of the chosen γ-rays of the reaction products.
where Z P is the most probable charge and σ z is the width parameter of an isobaric yield distribution. EOF a(Z) is the even-odd effect with a(Z) = +1 for even Z nuclides and -1 for odd-Z nuclides. Neutron-induced fission of 238 U Neutron-induced fission of 232 Th
Summary for Yields of Fission Products
From Figs. 1 and 2 that there is a well-known third peak around the symmetric mass region in the mass-yield distribution of 232 Th(γ,f) and 232 Th(n,f) reactions, which is absent in the case of 238 U(γ,f) (Fig. 3 ) and 238 U(n,f) (Fig. 4) . This is due to the fact that the type of potential barrier for 232 Th differs from that for 238 U, as shown by Moller, who calculated the saddle point configurations against the mass asymmetric deformation. From Figs. 1 and 2, the yields of fission products for A=133-134, 138-139, 143-144, and their complementary products in the bremsstrahlungand the neutron-induced fission of 232 Th are higher than those of the other fission products. Similar observation was shown by us in the neutron-induced fission of various actinides and also in the 10-MeV bremsstrahlung-induced fission of 232 Th, 238 U, and 240 Pu. From Figs. 1-4 , the yields of fission products for A=133-134 are lower than those for A=143-144 in 232 Th(γ,f), whereas those are reversed in 232 Th(n,f), 238 U(n,f), and 238 U(γ,f).
The yields of fission products for A=133-134 in the 232 Th(γ,f) reaction at lower excitation energy are lower than those in the 232 Th(n,f), 238 U(n,f), and 238 U(γ,f) reactions, whereas those for A=143-144 are reversed. The yield of fission products for A=133-134 increases but that of fission products for A=143-144 in 232 Th(γ,f) decreases with increasing the excitation energy.
On the other hand, the yields of fission products for A=133-134, 138-139, and 143-144 in the 232 Th(n,f), the 238 U(n,f), and the 238 U(γ,f) reactions decrease with increasing the excitation energy. The increasing or the decreasing trends of fission product yields in the above fissioning systems with increasing the excitation energy are due to the different shell combinations in the complementary products, which changed with increasing the number of neutron evaporation. 
Summary for Yield of Fission Products

